Z. N atu rfo rsch . 46b, 3 2 0 -3 2 5 (1991); received Ja n u a ry 2 0 / M ay 22, 1990 Stereoselectivity, R eaction M ass S pectrom etry, A m ino A cids Stereoselective reaction mass spectrom etry in the chem ical ionization (isobutane) m ode has been used to detect the absolute configuration o f en an tiom erically p ure cyclic a -a m in o acids. 
Introduction
The most im portant methods of determing the absolute configuration of organic molecules are (a) conversion of the unknown to a com pound of known configuration, (b) biochemical methods employing stereoselective enzymes, (c) N M Rm ethods using chiral lanthanoid shift reagents, (d) chrom atographic methods employing chiral sta tionary phases and (e) the special X-ray method of Bijvout. Recently, reaction mass spectrometry has been used for the determ ination of the absolute configuration of several ct-amino acids [1] and some other organic compounds.
The synthesis of enantiomerically pure organic com pounds presents a challenge to academic and industrial chemists alike. Cyclic a-am ino acids [2] such as (S)-proline (S)-l are more and more fre quently used as chiral auxiliary agents or in the synthesis of angiotensin converting enzyme (ACE) inhibitors as captopril [3] and enalapril [4] , The synthesis of new cyclic a-am ino acids [5] [6] [7] [8] [9] and namely analogs of (S)-proline 1 with known or po tential application as precursors of new ACE in hibitors useful as a new type of antihypertensive drugs has recently received much attention.
2-Azabicyclo[3.3.0]octane-3-carboxylic acid 2 is such an analog of proline 1 and has been used in its (all-S)-configuration as a precursor of the highly potent ACE inhibitor ramipril [10] .
(all-S)-2 is prepared from a 1:1 mixture of the enantiom ers (IS , 3S, 5S)-2 and (IR , 3R , 5R)-2 by optical resolution via diastereomeric salts.
In the course to prepare new unnatural amino and imino acids we investigated the stereoselective reaction mass spectrometry (SRMS) of the cyclic a-am ino acids 1 and 2 with several chiral selectors. SRMS is a technique in which a enantiomerically pure reagent, the chiral selector, is introduced into the ion source (electron impact), chemical ioniza tion (Cl) or fast atom bom bardem ent (FAB), where it reacts diastereoselectively with the sample through ion-molecule reactions to form some characteristic ions. From the relative abundances of these ions, the required inform ation on the con figuration of the sample molecule may be ob tained.
If the sample molecule A has one (n = 1) asym metric carbon atom , 2n = 2' = 2 stereoisomers may exist. These two stereoisomers (R)-A and (S)-A of the sample molecule form a pair of enan tiomers with identical mass spectra ( Table I, Table I , entries 5 -8 .
In the present work we used the cyclic a-am ino acid proline 1 as sample A. By using optically ac tive mandelic acid and a-phenylethylamine as chiral selectors B, both enantiomers of 1 have been tested. By comparison of relative abundances of characteristic ions of A-B (and its fragm entation products) formed by the reaction between the sam ple A and the two enantiomers o f the chiral selec tor B respectively, the absolute configuration of the sample A may be determined on a micromole level within a few minutes.
Experimental
Mass spectra were determined with a Finnigan-M AT 212-SS300 instrument. Isobutane was used as reagent gas for Cl and introduced into the ion source in the usual way, by DCI-filament. The tem perature o f the ion source was 175 °C, to be m easured by CI-box internal thermoelement. The total pressure o f the reagent gas was about 1 //bar in the CI-box and 3 -4 -10"5//bar before the source. Premixed sample A and chiral selector B were introduced into the ion source as an aqueous solution.
After evaporation of the water, the probe was inserted into the ion source. 
Results and Discussion
Three different chiral selectors -camphanic-, mandelic acid and a-phenylethylamine -have been tested by stereoselective reaction mass spec In the case of camphanic acid as chiral selector the relative abundances of the characteristic ions at m/z 314 formed by the salt of the same configu ration was much greater than those ions formed by different configuration, too.
In the last example of the proline run we used a chiral amine. The results were summarized in T a ble III and confirmed that the relative abundance o f the characteristic ions at m/z 237 formed by (S)-l and (S)-phenylethylamine and (R )-l and (R)-phenylethylamine is much higher than those ions formed by (S)-l and (R)-phenylethylamine and (R )-l and (S)-phenylethylamine. Although it was no problem to find out the absolute configuration o f the examined proline samples by SRMS it is better to use less volatile chiral selectors than a-phenylethylamine. The best results in SRMS has been got if the sample and the reagent have almost identical steam pressure. Mandelic and camphanic acid were better chiral selectors to form salts with proline as opposed to a-phenylethylamine because steam pressure and volatility of the acids are simi lar to the am ino acid.
The bicyclic amino acid 2 was the first sample with three chiral centers which absolute configura tion has been detected by SRMS. The spectral data obtained by the diastereoselective reaction be tween 2 and camphanic and mandelic acid are summarized in Table IV The ratio Y/X of the fa voured salt with same configuration to the ratio of the salt of different configuration was in the case of (all S)-2 500 to 127 and in the case of (R)-proline 556 to 152. On the other hand the pair of enantiomers (entry 1 to entry 3 and entry 2 to entry 4) have identical mass spectra (spectrum A to B and spectrum C to D), the spectra o f diastereomer (for example entry 1 to 2) are of course different (spec tra A to D).
In the last case we determined the absolute con figuration of 2-azabicyclo[3.3.0]octane-3-carboxylic acid benzyl esters 3 by SRMS. The chiral selec tor was mandelic acid and the results are summa rized in Table V . It is shown that SRMS is not lim ited to reaction between amino acids and chiral acids.
Conclusion
Cyclic a-am ino acid and ester have been tested by SRM S with chiral selector. A new chiral selec tor (cam phanic acid) was investigated. The relative abundance o f characteristic ions formed by the diastereoselective reaction between the sample and the reagent of the same configuration were much higher than those ions formed by different config uration. The absolute configuration o f the sample molecule may be determined by examination of the same sample measured with R and S isomers of the reagent respectively.
Although in most of the six examples it was easy to determ ine the prefered salt pair, it is better when sample and chiral selector have similar steam pres sure and volatility.
Stereoselective reaction mass spectrometry with a-im ino acids to determine the optical purity are under investigation. This work was supported by Fonds der Chemi schen Industrie, Hoechst AG and Degussa AG.
